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German Democratic Republic Patent No. 116 520 
Filed 24th October, 1974 
Issued 20th November, 1975 

Title: METHOD OF PREPARING PHOTOCHROMIC POLYMER SYSTEMS 

Inventors: Hans-Heinrich Htfrhold, Elizabeth Klemm, Dieter Klemm and Robert 
Becker . 

The invention concerns a method of preparing photochromic polymer 
systems which, in the form of films, bodies, cellular substances, coatings, 
lacquers, adhesives or in similar application forms, take on a coloration 
when irradiated with sunlight or with a suitable source of artificial light, 
the said coloration vanishing slowly after cutting off the irradiation and 
being restored again when irradiating is renewed. 

Such polymer systems are becoming increasingly important. In 
addition to the color effects which occur in light in the case of consumer 
goods, such photochromic polymers can be used as recording media as well 
as optical filters. 

Although a large number of photochromic compounds are known, their 
use for the stated purpose is greatly restricted for various reasons. In 
many photochromic systems, the color difference which occurs on irradiation 
is either too small or the duration of the photochromic color form is so small 
in the polymers suitable for the applications that the effects for the stated 
purpose are inadequate and thus cannot be used. In the case of several 
photochromic compounds, their exceptionally expensive synthesis frequently 
stands in the way of their beingjused in polymer masses. 

It is known that certain nitrobenzyl compounds, especially ortho- 
nitro benzyl pyridines, are easily produced an<^ possess astonishing photo- 
chromic properties (color change: colorless—blue). The proposal has also 
already been made to make commercial use of orthonitrobenzyl compounds in 
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solution or introduced into vinyl polymerizates. However, the previously 
proposed and known polymer systems of this favorable class of compounds display, 
with few exceptions, no adequately stable photo chromat ism at room temper- 
ature. Stabilization of the color form requires either low temperatures 
and hence the use of cooling systems, or can only be obtained by the inclu- 
sion of additional substances such as, for example, bases in the liquid phase, 
which could impair the reversibility of the photochromic reaction. 

It is known that 2-(2 f ,4 f -dinitrobenzyl)-pyridine in certain con- 
ventional polymers such as, for example, cellulose acetate, polymethyl meth- 
acrylate and polystyrene go into the colored form only with intense irradiation 
and then only for a few seconds. In addition, a crystalline deposition 
of the photochromic compound takes place in these polymer matrices, which 
impairs the optical transparency and, in many [4-(2 f ,4 f -dinitrobenzyl)-pyridine) 
compounds, which, in the crystal, are not photochromic, even leads to the 
loss of the photochromatism. 

The invention's basic task is to find polymer matrices which do 
not display the above-mentioned drawbacks and which can be prepared in many 
forms and with the use of a simple technology, and so stabilize the color 
form of the ortho-nitrobenzyl compounds that the photochromatism is possible 
at room temperature. Surprisingly, it has been found that the incorporation 
of ortho-nitrobenzyl compounds in urethane polymers is possible and that a 
polymer matrix, which contains urethane groups, produces a lasting and intense 
photochromatism in incorporated ortho-nitrobenzyl compounds. This task is 
accomplished in accordance with the invention by adding photochromic ortho- 
nitrobenzyl compounds to the reaction systems which lead to the formation 
of polyur ethanes and thereby produce a homogeneous inclusion into the forming 
polyurethane; it is solved in the case where photochromic nitrobenzyl compounds 
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are added which contain a functional group which is capable of reacting with 
one of the components of the ur ethane- forming system and thereby becomes 
chemically fixed in the polyur ethane framework, or is solved by incorporating 
photochromic ortho-nitrobenzyl compounds in known manner in preformed poly- 
urethanes. 

In this process, by polyurethanes are meant reaction products 
obtained from polyisocyanates with di or multi-functional H-acid compounds, 
especially polyols. Examples of such products are reaction products obtained 
from hexamethylene dlisocyanate, toluylene diisocyanates or, if such be the 
case, oligomer ic diphenyl methane diisocyanates with OH group-carrying poly- 
esters, polyamides and/or polyethers which contain at least two OH groups 
per molecule. Depending on the desired type of processing or the type of 
application, the polyaddition products can contain known additives such 
as catalysts, water-extracting agents, foaming or expanding agents, foam 
stabilizers, etc. 

As far as ortho-nitrobenzyl compounds which are suitable for in- 
troducing into the polyurethane are concerned, mention may be made of the com- 
pounds given on the last page. 

As functional groups of the photochromic dinitrobenzyl compounds 
which facilitate chemical bonding to the reacting polyaddition system, mention 
may be made of the following by way of example: amino groups, hydroxyl groups, 
carboxyl groups . 

It is surprising that the colored form of the ortho-nitrobenzyl 
compounds is, in general, so strongly stabilized by the polyurethane matrix 
that the color change takes place at room temperature. In addition, special 
mention should be made of the fact that, in this way, use can be made of 
orthonitroberizyl compounds with the simplest preparation, especially also 



2- (2 1 , 4 1 -d ini t ro benzyl ) -p yr idine . 

The stabilizing effect of the polyurethane matrix for the color 
form of the dinitrobenzyl compounds is not impaired when interpenetrating 
copolymers are, for example, prepared with acrylates. Thereby, it is possible 
to further develop and improve the properties of the polymers. 

The procedures of the invention make it possible, at room temperature, 
to prepare photochormic polymer systems with a wide range of variations or 
applications as, for example, as clear transparent photochromic bodies in 
various forms. Further, the processes of the invention make possible the 
preparation of photochromic cellular materials (or foam materials), lacquers, 
rubbery substances, as well as adhesives and coating agents as, for example, 
synthetic leather, paper, polymer substrates or glass in the form of a coating 
(veneer) common for this purpose. The photochromic polymer systems prepared 
in accordance with the invention with a wide range of variations display, on 
being irradiated, a reversible color change from colorless to blue. 

The following examples describe possible uses of the process of the 
invention in a non-limiting manner. 

EXAMPLE 1 

1.0 g of 2-(2 f ,4 , -dinitrobenzyl)-pyridine is dissolved under an inert 
gas in 25.0 g of freshly distilled methacrylic acid methyl ester and then 
treated with 0.1 g of azo-bis-isobutyronitrile. The reaction mixture is 
then heated for 25 hours at 50°C to yield a clear transparent photochromic 
solid. However, the color change from pale yellow to blue takes place only 
when cooling (to -20°C, for example). No photochromic effect occurs at room 
temperature. 

EXAMPLE 2 

1.0 g of 2-(2 f ,4'-dinitrobenzyl)-4-picoline is dissolved in 25 g 
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of hexamethylene diisocyanate and stirred with 11.6 g of a trifunctional 
polyether alcohol with an OH number of 410 (polyether polyol, polyol I), 
The clear solution is treated with 42.8 g of a polyether alcohol based on phthalic 
acid with the OH number 225 (polyol II) , the mixture being stirred until the 
ester is completely dissolved. Next, the product is degassed in an oil pump 
vacuum for about 5 to 10 minutes. 

To produce glass-clear polyurethane bodies , the viscous solution 
is inserted into a suitable vessel and allowed to harden at room temperature 
for 24 hours and about 40 hours at 50°C. 

By contrast with Example 1, the glass-clear polyurethane bodies 
display strong photo chromism withi the reversible color change from colorless 
to blue. 

EXAMPLE 3 

1.0 g of the nitrated 2- and 4-benzyl pyridine isomer mixture 
is dissolved in 25.6 g HDI, then treated with 11.6 g of polyol I and stirred 
with 42.8 g of polyol II until a clear solution is obtained. Next, the product 
is degassed for about 5 to 10 minutes in an oil pump vacuum, stirred with 
0.05 g of dibutyl tin laurate as a catalyst and poured to form films or 
introduced into a suitable form-giving container. Hardening occurs after 
holding for 24 hours at room temperature followed by 40 hours at 50°C. By 
contrast with Example 1, an intense photochromism is obtained at room temperature 
with a reversible color change from colorless to blue. 

EXAMPLE 4 

Introduced into anilxture consisting of a trifunctional polyether 
alcohol with the. OH number. 36, 0.05 g of dibutyl tin laurate and 1.2 g HDI 
are 1.2 g of 2-(2 ! ,4 , -dinitro-5 f -methylbenzyl)-4-picoline until complete 
solution is obtained. The reaction mixture is next drawn out into a film 
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by means of a doctor blade on a metal plate treated with a parting agent. 
The hardened film can be pulled off after 24 hours. By contrast with Example 
1, the film displays an intense reversible color change from colorless to blue 
when irradiated at room temperature. 

EXAMPLE 5 

A mixture consisting of 1,0 g of 2-(2 ' ,4 f -dinitrobenzyl)-isonicotinic 
acid, 16 g of a difunctional polyester alcohol with an OH number of 56, 
2g of a multifunctional polyester alcohol with an OH-number of 235, 0.1 g 
DABCO and 2 g of HDI are mixed homogeneously. Plates of glass or of polymethyl 
methacrylate are stacked together using the medium viscosity reaction mixture. 
In this case, the thickness of the adhesion layer was about 0.2 mm. 

The adhesion joints are hardened after 12 hours at room temperature. 
By contrast with Example 1, the joints display intense photochromism at room 
temperature with a color change from colorless to blue. 

EXAMPLE 6 

21.4 g of a polyether alcohol based on phthalic acid with the OH- 
number 225 (polyol III) are stirred with 12.8 g of hexamethylene diisocyanate 
and treated with 5.8 g of a trifunctional polyether alcohol with an OH-number 
of 410 (polyether polyol, polyol I). 0.05 g of dibutyl tin laureate are 
added as a catalyst. The reaction mixture is then allowed to stand for 24 
hours at room temperature. The polyurethane thus obtained is dissolved in 
100 ml of acetone, 5.0 g of 2- (2 1 ,4 f -dinitrobenzyl) pyridine are then added 
and the product is poured on to a glass plate to form films. The product 
is dried at room temperature to remove any solvent residue and then held at 
50°C in vacuum. By contrast with Example 1, the films obtained display 
intense photochromism at room temperature with a reversible color change from 
colorless to blue. 



PATENT CLAIMS 

(We claim:) 

1. A process for preparing photochromic polymer systems, charac- 
terized in that photochromic ortho-nitrobenzyl compounds are added to reaction 
systems which lead to polyurethanes and that, as a result, the nitrobenzyl 
compounds become locked into the polyurethanes which form. 

2. A process for preparing photochromic polymer systems, charac- 
terized in that photochromic orthonitrobenzyl compounds are added to reaction 
systems which lead to polyurethanes, the said ortho-nitrobenzyl compounds 
containing a functional group which is capable of reacting with one of the 
components of the system which forms the polyurethane and thus become chemically 
bonded to the polyurethane. 

3. A process for preparing photochromic polymer systems, charac- 
terized in that photochromic ortho-nitrobenzyl compounds are embedded in known 
manner in preformed polyurethanes. 
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2-(2' ,4'-d initrobenzyl)-pyridine or nitrating product of Isomer mixtures 
of 2 and 4 benzyl pyridine. 



_/ 



hi- 



2- (2 ' , 4 '-dinitrobenzyl-4-pico line 



0^ 





2- (2 ' ,4 *-dinitro-5 '-methyl benzyl) 
-4-picoline 



U0 % 



CH, 





2- (2 ' , 4 '-dinitro-5 imethylbenzyl)- 
pyridine 



CH, 




2- (2 ' , 4 * -dinitro-5 '-chlorobenzyl)- 
pyridine 



O^JV 



-o 



2-(2' ,4»-dinitrobenzyl)-isonicotinic acid 



O^lV / \ CH^ - ^ 2,2' ,4,4* -tetranitrophenyl methane 



IVO, 



COOH 
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Translated by A. & R. Taylor 
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B Polyurethanes were prepd. which contained 

2-(2,4-dinitrobenzyl)-4-picoline (I) [25927-45-1], 
2-(2,4-dinitrobenzyl)isonicotinic acid [58294-13-6], or a similar 
compd. and had photochromic properties at 2 5. degree.. Thus, II 
OCN(CH2)6NCO 25.6, and polyether polyols 54.4 g were used to prep, a 
photochromic polyurethane which changed reversibly from colorless to 
blue. 



